An indirect rotor speed and position sensing technique based on computation for a permanent magnet synchronous motor (PMSM) drive is presented in this paper. New expressions in terms of stator variables for rotor speed and position angle are derived and computed using real data from a laboratory prototype PM motor. The results show that the rotor speed and angle are in close agreement with those obtained from a elctro-mechanical sensor. A twrj loop PMSM drive system is then simulated u s ing tlie derived expressions.
Introduction
With the advancement of microprocessor, magnetic materials and semiconductor technology, the application areas of electric motors increase in a versatile manner. The use of conventional electric motors such as dc, induction, conventional wire-wound excited synchronous motors are being replaced by PMSM in modern drive system. The PMSM can offer significantly higher advantages and efficiency over other types of motors when employed in adjustable speed drives. The control of PMSM is entirely done through the stator since there is no provision for rotor side excitation control. The vector control method is generally suggested [l] for the variable speed drives where the rotor speed and the rotor position information are used as the feedback for the control of the drives. Among the numerous methods available for position and rotor speed detection, the techniques using mechanical sensors, Hall effect transducers, taclio-generators, optical or inductive coupling sensors, shaft mounted encoders or resolvers e t c . are few of them. The use of these electro-rneclianical sensors makes the drive system bulky, less efficient and experisive. Moreover. I I I some application fields such as tlie subiriersible motor drives. these sellsors are not suital)le for use. Thus an indirect rrielliod of rolor posilion deteclioii which detects the rotor position and calculates the rotor speed from the stator variables is needed.
The control of PMSM based on sensorless operation has been described by some authors [2-41. However most of them wed either waveform detection or flux linkage method which give erroneous results at low speed operation. In this present work, a sensorless algorithm for rotor position and speed detection for PMSM drives based on computation technique is presented. Rotor speed and position angle are computed from the derived expressions with actual motor parameters. The computed speed and position angle are compared with those obtained from the experiment using elctro-mechanical sensor. A two-loop drive system is also simulated using the speed and rotor position angle from the derived expressions.
Analysis
High speed with smooth torque. operation of PMSIvl enables one to operate it in servo-drive system along with the vector control scheme. The basic principle of vector control method is that it needs magnitude as well as angle information of the controllable variables. Rotor position determines the angle of the variable and its detection is one of the basic requirements for this type of drive application. A compact form of rotor position detection algorithm is possible for vector control PMSM drive when the motor is modeled in a synchronously rotating reference frame.
The PMSM equations in synchronously rotating reference frame can be written as : 
From equations (1),(2) and (5)-(8), the following relation can be obtained :
Transferring the orthogonal quantities of stator frame to three phase stator variables using equations (11)- ( 14) and equation (16) respectively. The close match between the computed and experimental reiults justify the correctnese of the derived expressions.
Two-loop PMSM drive sys-
A sensorless scheme for PMSM two-loop drive system is illustrated in Fig. 1 . A digital signal processor can be used for the tedious calculations of rotor position 8, and speed wr from the derived expressions. These are the required information for the control signals of the inverter. The PMSM can be controlled vectorically provided the q-axis current, ii is controlled. Once the q-axis current t : and inverter output voltage U, are calculated from the information of rotor position angle and speed, then the simulation of the closed loop drive system can be done readily. A hysteresis current controller is proposed in this scheme ( Fig. 1 ) to obtain the characteristics of voltage source inverter and current source inverter at the same time. As shown in Fig. 1 , the initial rotor position angle B t O is determined by applying a high frequency triangular current wave before the actuation of interrupt switches. The application of this high frequency control signal of the inverter ensures that the rotor does not move due to zero average torque and at the same time stator voltages and currents are obtained for equation (19) to determine initial position of the rotor. Fig.  2 (e) and (f) illustrates the simulation results of speed, rotor position angle, which show that rotor speed almost accurately tracks the reference speed (377 rad/sec) and the rotor position angle adjusts itself according to the rotor speed.
tem 4 Conclusions
This work proposes the computation based detection of rotor position and speed from the stator quantities. For this purpose, expressions for rotor position and speed in terms of stator variables are derived and verified by comparing the computed speed and angle with experimental results. The simulation results for tweloop drive system with actual motor parameters show that the algorithm accurately presents the rotor position and speed. For a two-loop: variable speed PhlShl drives, the derived expressions for rotor speed and position are used which eliminates the needs of additional mechanical sensors. The simulation results of the dosed loop drive system show that this sensorless algorithm can be implemented in real time by using digital signal processor.
